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Conclusions. GECs cultured on fibrin gels may develop cap-Integrin avb3–RGDS interaction mediates fibrin-induced mor-
illary structure spontaneously, and GECs covered by fibrin gelsphological changes of glomerular endothelial cells.
may undergo disorganization. Our data suggest that these GECBackground. In our previous studies, we found that intra-
morphological changes are mediated by an integrin avb3–glomerular deposition of fibrin and its metabolites was related
RGDS interaction.to glomerular sclerosis and reduced renal function. It has been
reported that both overlying and underlying fibrin may induce
specific morphological changes of cultured endothelial cells
from large blood vessels. The dependency of these morphologi- During intravascular coagulation, endothelial cells cancal changes on the integrin avb3–arginyl-glycyl-aspartyl-serine attach, spread, and proliferate on the provisional matrix(RGDS) interaction is still controversial. We hypothesized that
of fibrin. On the other hand, fibrin can deposit on theglomerular endothelial cells (GECs) stimulated by fibrin might
undergo morphological changes through an integrin avb3– surface of endothelium and has profound influence on
RGDS interaction. the functions of endothelial cells [1]. As shown in Figure
Methods. In vitro studies were performed to examine the 1, there are at least seven specific cell-binding domainsgrowing status of GECs stimulated by overlying and underlying
in the fibrin molecule, among which the arginyl-glycyl-fibrin gels in the presence or absence of the following: 50
aspartyl-serine (RGDS) domain (Aa572–575) and heparin-mg/ml anti-avb3 integrin monoclonal antibody 23C6 or nonim-
mune mouse IgG, 1 mg/ml synthetic RGDS or arginyl-glycyl- binding domain (b15–42) take important roles in the inter-
glycyl-serine (RGGS) peptide, 10 mg/ml sodium heparin, 100 action between fibrin and endothelial cells. The RGDS
mg/ml cycloheximide, and 10 mm actinomycin D. Fast protein domain binds specifically to avb3 integrin expressed onliquid chromatography (FPLC)-purified fibrinogen and the third
the surface of endothelial cells, and the heparin-bindingto fifth passages of human GECs were also used in this study.
domain has a 130 kDa specific receptor on the surfaceResults. GECs developed capillary tube structure after 60
hours of culturing on fibrin gels, and GECs cultured on gelatin- of endothelial cells [2, 3]. It has been reported that at-
coated plates displayed a monolayer of cobblestone-like cells in tachment of endothelial cells to fibrin is dependent on
the presence or absence of 23C6 and synthetic RGDS peptide. the interaction between RGDS domains of fibrin andFibrin-induced capillary tube formation was promoted by 23C6
the avb3 integrins on endothelial cells [4], and thatand inhibited by RGDS peptide, cycloheximide, and actinomy-
spreading and proliferation of endothelial cells on fibrincin D. Disorganization of the GEC monolayer was induced by
overlying fibrin, but was not induced by overlying agarose gels are dependent on the exposure of the heparin-binding
and glass cover slips or culturing in fibrinogen, 0.05 NIH U/ml domains of fibrin [5, 6].
thrombin, fibrin supernatants, as well as in fibrin degradation Endothelial cells seeded on or in fibrin gels developproducts. Disorganization of GEC monolayer can be induced
a capillary tube structure spontaneously, which is depen-by both des-AA-fibrin and des-AABB-fibrin and was unaffected
dent on a specific fibrin network structure [7, 8], tran-by heparin. Furthermore, both 23C6 and synthetic RGDS pep-
tide prevented disorganization of GECs induced by overlying scriptional and translational mechanisms in endothelial
fibrin, whereas nonimmune mouse IgG, synthetic RGGS pep- cells [9], and the basolateral release of urokinase-type
tide, cycloheximide, and actinomycin D had no similar effect. plasminogen activator from endothelial cells [10, 11].
According to the literature, an interaction between endo-
thelial cells and the heparin-binding domain of fibrinKey words: glomerular sclerosis, fibrin, integrins, RGDS, intravascular
coagulation. mediates capillary formation. Because the heparin-bind-
ing domain in the reptilase-catalyzed des-AA-fibrin isReceived for publication December 30, 1998
not fully exposed, des-AA-fibrin is less effective in sup-and in revised form April 15, 1999
Accepted for publication April 29, 1999 porting capillary formation than thrombin-catalyzed des-
AABB-fibrin [12]. Exogenous soluble b15–42 peptide (the 1999 by the International Society of Nephrology
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Fig. 1. Diagram of cell recognition domains
in a fibrin(ogen) molecule. (1) Heparin-bind-
ing domain (b 15–42), (2) RGDS (A a 572–
575), (3) RGDF (A a 95–98), (4) CD11c/CD18
recognition site (A a 17–19), (5) CD11b/CD18
recognition site (190–202), (6) intercellular ad-
hesion molecule-1 (ICAM-1) recognition site
(117–133), and (7 ) platelet recognition site
(400–411). The heparin-binding domain (b
15–42) has a 130-kDa specific receptor on the
surface of endothelial cells, and the RGDS
domain (A a 572–575) binds specifically to
avb3 integrin expressed on the surface of endo-
thelial cells; the RGDF domain (A a 95–98)
and platelet-recognition domain (400–411)
are the binding sites for platelets; CD11c/
CD18 and CD11b/CD18 recognition sites (A
a 17–19, 190–202), as well as ICAM-1 recogni-
tion site (117–133) are the binding domains of
fibrin to white blood cells and cells expressing
ICAM-1, respectively. FPA and FPB are fi-
brinopeptides A and B, respectively. Symbols
are: (diagonal bricks) the cleavage site of
thrombin, reptilase, and ancrod; (horizontal
bricks) the cleavage site of thrombin only.
Data are adapted with permission from Odrl-
jin TM, Francis CW, Sporn LA, Bunce LA,
Marder VJ, Simpson-Haidaris PJ: Arte-
rioscler Thromb Vasc Biol 16:1544–1551, 1999.
sequence of the heparin-binding domain) inhibits des- dothelial cells [19], and human umbilical vein endothelial
AABB-fibrin–induced capillary tube formation, and fibrin cells [20]), des-AABB-fibrin caused morphological changes
325, which lacks the heparin-binding domain, fails to similar to those induced by ancrod-catalyzed plasma gel.
support capillary tube formation [12]. However, the role It is not known, however, whether the morphological
of the integrin avb3–RGDS interaction in fibrin-induced changes induced by des-AA-fibrin and des-AABB-fibrin
capillary structure formation has not yet been confirmed. are mediated by the same mechanism.
The synthetic RGDS peptide inhibited fibrin-induced In view of the important role of fibrin deposition as
capillary tube formation [13], however, seemingly con- one of the early events in the glomerular injury of some
tradictory to this report, anti-avb3 integrin antibodies renal diseases, we explored the effects of overlying and
promoted fibrin-induced capillary tube formation [14].
underlying fibrin gels on the growth status of glomerularBovine aortic endothelial cells [15] and human umbili-
endothelial cells (GECs) and its relationship with thecal vein endothelial cells [16] stimulated by overlying
avb3 integrin–RGDS interaction.fibrin gels developed severe morphological changes, in-
cluding monolayer disorganization, tightly packed endo-
thelial cell strands, and clusters separated by large cell-
METHODSfree areas. Previous study suggested that these morpho-
Purification of fibrinogenlogical changes were specific to endothelial cells and
might be related to cell-bound fibrinolysis [15]. Another Purification of fibrinogen (Fg) was based on a modified
study demonstrated that disorganization of endothelial Pandya and Budzynski’s method [21]. Briefly, human Fg
cells was due to nonspecific attachment of the cells to with a purity of 93% (National Institute for Control of
the overlying hydrophobic material, but not to a defined the Pharmaceutical and Biological Products, Ministry of
cell-binding domain of the fibrin molecule [16]. Ancrod-
Public Health, Beijing, PRC) was filtered on a sephacrylinduced plasma gel, which contained des-AA-fibrin,
S-400 Superfine Column (2 3 75 cm; Pharmacia, Uppsala,could induce morphological changes of human umbilical
Sweden). The main peak containing Fg was collected andvein endothelial cells, namely widened intercellular
precipitated with 2.2 m glycine. The precipitate was dis-spaces and loss of their typical cobblestone shape, which
solved in 0.05 m sodium citrate, pH 7.4, and was lyophi-could be inhibited by anti-avb3 integrin antibodies 23C6
lized in aliquots. The integrity and purity of Fg preparationsand 7E3 [17]. Recently, another group reported that
were routinely assessed by nonreducing and reducingusing endothelial cells of three different origins (bovine
corneal endothelial cells [18], calf pulmonary artery en- sodium dodecyl sulfate-polyacrylamide gel electrophore-
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for three minutes. Cells in the supernatant were seeded
in 25 cm2 sterile culture flasks precoated with 10 mg/ml
gelatin (78F-8846; Sigma) in an atmosphere of 5% CO2
in RPMI 1640 medium, pH 7.4, supplemented with 20%
decomplemented FCS, heparin 5 U/ml, acid fibroblast
growth factor 2 mg/ml, insulin 5 mg/ml, transferrin 5
mg/ml, selenium 5 mg/ml, and antibiotics. Fourteen days
after plating, cell colonies were isolated with cylinders
and passaged using a trypsin-ethylenediaminetetraacetic
acid (EDTA) solution. The cell colonies were isolated
again with cloning cylinders and passaged to obtain ho-
mogeneous cell populations. Individual clones obtained
by the second cloning step were tested for characteristics
of endothelial cells. Cells exhibited a cobblestone mor-
phology at confluence and showed positive reaction by
indirect immunofluorescence staining using the mono-
clonal antibody to human von Willebrand factor (vWF)Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(Fig. 3). The third to fifth passages of GECs were used(SDS-PAGE) analysis of purified human fibrinogen (Fg). Lane 1
served as protein molecular weight standards. Unpurified Fg (lanes 2 in this experiment.
and 3) and purified Fg (lanes 4 and 5) were analyzed by 8% SDS-
PAGE under nonreduced (lane 2 and 4) and reduced (lanes 3 and 5) Culture of glomerular endothelial cells on platesconditions. Gels were stained with Coomassie bright blue (40 mg/lane
coated with fibrin or gelatinFg were loaded).
Eight wells in a 24-well plate were precoated with 10
mg/ml gelatin, and another eight wells were precoated
with 5 mg/ml fibrin gels. Fibrin was polymerized in the
sis (SDS-PAGE; Fig. 2). Fg purity with respect to plasmin wells by mixing equal volumes of 10 mg/ml Fg and 2
or plasminogen was confirmed in the absence or presence NIH U/ml thrombin (T7009; Sigma). GECs were prein-
of urokinase. Purified Fg had a clottability of 98% at a cubated at 378C for 30 minutes in serum-free RPMI
thrombin concentration of 0.025 NIH U/mg Fg. Enzyme- 1640 or RPMI 1640 media containing 50 mg/ml anti-avb3
linked immunosorbent assay (ELISA) of fibronectin integrin monoclonal antibody 23C6 (MCA757G, lot no.
showed a concentration of less than 1 ng/mg Fg. The 0696; Serotec, Oxford, UK), 50 mg/ml nonimmune mouse
purified Fg was dialyzed overnight in RPMI 1640 me- IgG (Department of Biochemistry, Academy of Military
dium at 48C and was sterile filtered before use. Medical Sciences, Beijing, PRC), 1 mg/ml RGDS peptide
(synthesized by Institute of Biotechnology, Academy ofCulture and identification of glomerular
Military Medical Sciences), 1 mg/ml arginyl-glycyl-glycyl-endothelial cells
serine peptide (RGGS; synthesized by Institute of Bio-
Cadaveric adult human kidneys that were unsuitable technology, Academy of Military Medical Sciences), 100
for renal transplantation because of technical or immu- mg/ml cycloheximide (AB0005-2; Serva, Vienna, Aus-
nological reasons were used in this study, with approval tria), and 10 mmol/liter actinomycin D (A4262, BF0046;
from the institutional ethics committee in General Hos- Sigma), respectively, and were seeded in wells precoated
pital of Chinese PLA [22, 23]. All isolation procedures with gelatin or fibrin, cultured in the same media as the
were performed under sterile conditions on ice. The kid- preincubation solution.
neys were cleansed with phosphate-buffered saline
Culture of glomerular endothelial cells under(PBS) and were then decapsulated. Slices of cortex ap-
fibrin gelsproximately 2 to 3 mm wide were separated from the
medulla, minced with a scalpel, and then sequentially Glomerular endothelial cells were routinely cultured
filtered through stainless steel sieves with pore sizes of on plates precoated with gelatin until subconfluency.
250, 210, and 150 mm. Glomeruli retained by the 150 mm After 24 hours of incubation in serum-free RPMI 1640,
sieve were collected in a sterile cup, centrifuged twice fibrin was polymerized in situ by adding equal volumes
at 800 r.p.m. for three minutes in RPMI 1640 medium, of Fg (1 mg/ml) and thrombin (0.1 NIH U/ml) RPMI
and then incubated with 0.5 mg/ml collagenase type V 1640 solutions directly on the cell monolayer in the pres-
(Sigma, St. Louis, MO, USA) for 30 minutes at 378C. ence or absence of aprotinin (Bayer, Leverkusen, Ger-
The digestion reaction was stopped with 10% decomple- many). Reptilase (0.1 Klobusitzky U/ml; Solco, Basle,
mented fetal calf serum (FCS). Glomerular remnants Switzerland) was used in place of thrombin where it was
indicated. In some experiments, before being seeded onafter collagenase digestion were sedimented at 800 r.p.m.
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Fig. 3. Immunofluorescence staining of glomerular endothelial cells (GECs) for von Willebrand factor (vWF). Nonpermeabilized GECs were
incubated with methanol at 48C, following which they were incubated with nonimmune mouse IgG (A, negative control) or mouse antihuman
vWF monoclonal antibody (B) and then with FITC-labeled rabbit antimouse IgG. There is dense cytoplasmic staining for vWF in GECs.
gelatin-coated plates GECs were preincubated at 378C Statistical analysis
for 30 minutes with 50 mg/ml anti-avb3 integrin antibody Data are expressed as mean 6 sem. Statistical analysis
23C6, 50 mg/ml nonimmune mouse IgG, 1 mg/ml RGDS was performed with the SAS software, and analysis of
peptide, 1 mg/ml RGGS peptide, 10 mg/ml sodium hepa- variance was used to compare results between experi-
rin (Shanghai Biochemical and Pharmaceutical Co., mental groups. Statistical significance was taken as P ,
Shanghai, PRC), 100 mg/ml cycloheximide, and 10 mmol/ 0.05.
liter actinomycin D, respectively. At confluence, fibrin
containing these supplements was polymerized on the
RESULTScell monolayers. In addition, control GECs received the
following: serum-free RPMI 1640 only and serum-free Capillary tube formation of glomerular endothelial
RPMI 1640 supplemented with 0.05 NIH U/ml thrombin, cells on fibrin gels
0.5 mg/ml Fg, 0.5 mg/ml fibrin clot supernatants (FbSup;
Glomerular endothelial cells attached to both gelatinprepared by polymerizing 0.5 mg/ml Fg with 0.05 NIH
and fibrin gels one hour after seeding. Both anti-avb3U/ml thrombin in the absence of cells), and 0.5 mg/ml
integrin antibody 23C6 and RGDS peptide inhibitedfibrin degradation products (FbDP, prepared by incubat-
GEC attachment on fibrin (Fig. 4) but was ineffectiveing 0.5 mg/ml fibrin with 1 U/ml urokinase and 0.9
in inhibiting attachment on gelatin. As shown in FiguresU/ml plasminogen at 378C for 24 hr), respectively. The
5 and 6, GECs cultured on gelatin-coated plates exhib-effects of 0.5 mg/ml agarose (A4018; Sigma) in situ poly-
ited a monolayer of the cells with a cobblestone morphol-merized on the monolayer of GECs or putting a piece
ogy at confluence in the presence and absence of 23C6of a glass cover slip on GEC monolayer were also ob-
and synthetic RGDS peptide. GECs cultured on fibrinserved as controls.
gel had a morphology indistinguishable from that of the
Microphotography GECs cultured on gelatin within 48 hours of the incuba-
tion period. Thereafter, the network of capillary tubeAn Olympus IX 70 phase contrast microscope and an
structure appeared in GECs cultured on fibrin gel, whichOlympus C-35AD-4 camera were used throughout this
was promoted by 23C6 and inhibited by synthetic RGDSstudy to observe and record the morphological changes
of the cells. peptide, cycloheximide, as well as actinomycin D. Non-
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merizing agarose gels or by putting a piece of glass cover
slip on the surface of the GEC monolayer, which indi-
cated that this morphological change was somewhat
specific. Reptilase-induced des-AA-fibrin, which did not
fully expose the heparin-binding domain with uncleaved
fibrinopeptide B, mimicked thrombin-induced des-AA-
BB-fibrin, a fibrin with a fully exposed heparin-binding
domain by cleavage of both fibrinopeptides A and B to
induce disorganization of GECs. Heparin, cyclohexi-
mide, and actinomycin D failed to inhibit fibrin-induced
GEC disorganization. These data suggest that heparin-
Fig. 4. Capillary tube formation induced by fibrin was promoted by binding domains of fibrin and the transcriptional and
23C6 and inhibited by RGDS, cycloheximide (Cyclo), and actinomycin translational mechanisms in GECs are unlikely to con-
D (Actino). Glomerular endothelial cells (GECs) were preincubated,
tribute to the previously mentioned morphological cellu-seeded, and cultured on fibrin gels in specific media as shown in the
Methods section. After 60 hours of incubation, ratios of the area lar changes.
covered by capillary tube structure to the total area (Cap/Total) were
calculated and shown as a percentage. **P , 0.01; ***P , 0.001 Effects of RGDS peptide and 23C6 on fibrin-induced
vs. the fibrin group. Data are representative of three independent
glomerular endothelial cell disorganizationexperiments.
RGDS peptide and 23C6 dramatically prevented dis-
organization of GECs induced by fibrin, whereas nonim-
mune mouse IgG and RGGS peptide had no similar
immune mouse IgG and RGGS peptide had no influence effects. In addition, 23C6 promoted GEC capillary-like
on capillary tube formation induced by fibrin. These data structure invading into the overlying fibrin gels (Fig. 8).
indicated that fibrin-induced capillary tube formation
was related to the avb3 integrins on the surface of the
DISCUSSIONGECs and the RGDS domains in fibrin molecules, and
was also related to gene transcription and translation. It has been established that an interaction between
the avb3 integrin on the surface of endothelial cells and
Fibrin-induced disorganization of cultured glomerular the RGDS domain of fibrin molecules mediates endothe-
endothelial cells lial cell attachment to fibrin gels [4], and that anti-avb3
When a solution of Fg was converted to fibrin on the integrin monoclonal antibodies 23C6 [4], 13C2 [14], and
surface of the monolayer of GECs, the cells separated LM609 [14], as well as some synthetic RGDS peptides
in part from adjacent cells and uncovered intercellular inhibit the attachment of endothelial cells to fibrin in a
spaces, which enlarged with time. The morphological similar pattern. Recently, Takei et al reported that the
changes appeared after two to four hours, and the final RGDS peptide inhibited fibrin-induced capillary tube
appearance after 24 hours was a network of tightly formation [13]. In contrast, Gamble et al found that anti-
packed endothelial cell strands and clusters separated avb3 integrin monoclonal antibodies LM609 and 13C2
by large cell-free areas. Disorganization of the mono- had a promoting effect [14]. In this study, we confirmed
layers was reversible when the fibrin clot was removed these seemingly contradictory results by using a different
from the cells or was lyzed with plasmin. With prolonged functional anti-avb3 monoclonal antibody 23C6 [4] and
incubation time, the cells became increasingly attached a synthetic RGDS peptide, which had been proven to
to the fibrin clot, and after 24 hours, virtually all of the be effective in inhibiting cell attachment in our previous
cells remained attached to the clot when it was removed. studies [24, 25]. Gamble et al speculated that anti-inte-
GECs cultured in RPMI 1640, Fg, and thrombin as well grin antibodies, which can inhibit cell–matrix interac-
as FbSup did not undergo similar morphological changes, tions that convert endothelial cells from a proliferative
indicating that fibrin-induced cell morphological changes phenotype toward differentiation, induce enhanced cap-
were not dependent on remnant Fg, thrombin, and fi- illary tube formation [14]. They concluded that enhanced
brinopeptides A and B in the fibrin gels. It appears that capillary tube formation is simply due to the attachment
the fibrin degradation products did not contribute to the inhibition. This conclusion apparently fails to explain the
previously mentioned changes because FbDP did not dual effects of RGDS peptides in inhibiting cell attach-
induce a similar change, and aprotinin, which prevents ment and preventing capillary tube formation. We postu-
fibrin degradation, did not inhibit GEC morphological late that fibrin activates endothelial cells by an interac-
changes induced by fibrin. tion of its RGDS domains with avb3 integrin on
As shown in Figure 7, disorganization of the GEC endothelial cells to potentiate the cells to develop a capil-
lary tube formation phenotype. Some anti-avb3 antibod-monolayer induced by fibrin was not mimicked by poly-
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Fig. 5. Different growing status of glomerular endothelial cells (GECs) cultured on gelatin and on fibrin. GECs cultured for 60 hours on gelatin-
coated plates displayed a monolayer of the cells with a cobblestone morphology in the presence or absence of 23C6 and synthetic RGDS peptide
(A). Capillary tube structure network appeared in GECs cultured on fibrin gel (B), which was promoted by 23C6 (C) and was inhibited by RGDS
peptide (D; 3100). Data shown are representative of three independent experiments.
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are much more severe than those caused by ancrod-
induced fibrin, they are likely to be based on the same
mechanism, namely, the avb3 integrin–RGDS interac-
tion. The deviation of the reported morphological
changes might be explained by different concentrations
of Fg and thrombin, different sources and growth status
of the endothelial cells, as well as different microscopy
and photography. In conclusion, all reports agree that
enlargement of intercellular spaces can be induced by
fibrin stimulation, and that this may induce a sustained
coagulation [15] and may partially explain the edema and
inflammatory cell infiltration accompanying thrombosisFig. 6. Glomerular endothelial cell (GEC) attachment on fibrin gel
and fibrin deposition [16].was inhibited by both 23C6 and RGDS peptide. Before seeding, GECs
were preincubated for 30 minutes with RPMI 1640 media in the absence Endothelial morphological changes induced by both
(control group) or presence of 23C6 (23C6 group), RGDS peptide underlying and overlying fibrin have been related to an-(RGDS group), nonimmune mouse IgG (IgG group), and RGGS pep-
giogenesis and microaneurysm [9–14, 16] and are bothtide (RGGS group), respectively. GECs were seeded on fibrin gels in
media the same as the preincubation solutions. One hour later, the related to the avb3 integrin–RGDS interaction in our
unattached GECs were discarded, the attached cells were rinsed three experiments. However, overlying fibrin-induced endo-times with RPMI 1640 medium at 378C and counted after digestion
thelial disorganization and underlying fibrin-inducedby trypsin-EDTA. The percentage of the attached cells was calculated
as the ratio between the attached and the total seeded. ***P , 0.001 capillary tube formation seem to be independent cell
vs. control. Data shown are representative of three independent experi- biological processes. Overlying fibrin always induces dis-ments.
organization, and underlying fibrin always induces capil-
lary tube formation. The latter depends on the basolat-
eral secretion of urokinase-type plasminogen activator
[10, 11]. Disorganization never occured prior to capillaryies, as functional macromolecules with specific confor-
mation and high affinity to avb3 integrin, can activate tube formation in the underlying fibrin model, and endo-
thelial cells converted from the disorganized pattern toendothelial cells while inhibiting GEC attachment to
fibrin. In contrast, synthetic RGDS peptides as function- a normal monolayer within four hours in the overlying
model when turned upside down [15]. In addition, capil-ally inert ligands to avb3 integrin can inhibit attachment
and competitively inhibit fibrin-induced activation of en- lary tube formation relies on gene transcription and trans-
lation [9], as well as exposure of the heparin-bindingdothelial cells. Although we have no compelling evi-
dence to show that the 23C6 monoclonal antibody can domain of fibrin [12], but our data suggested that GEC
disorganization induced by overlying fibrin was depen-activate avb3 integrin, our postulate is supported by sev-
eral reports that integrin antibodies can stimulate cells dent on neither gene transcription and translation nor
the heparin-binding domain, because des-AA-fibrin wasby activating integrins [26–31].
It was well documented that deposition of polymeriz- as effective as des-AABB-fibrin in inducing disorganiza-
tion, and heparin, cycloheximide, as well as actinomycining fibrin on endothelial cell monolayer may cause mor-
phological changes of the cells. Our findings are consis- D were ineffective in inhibiting overlying fibrin-induced
GEC disorganization.tent with the previous studies of overlying fibrin-induced
endothelial cell disorganization [15, 16]; however, the To our best knowledge, this is the first report of GEC
morphological changes induced by fibrin. Vassalli, Si-most recent publications showed much less severe mor-
phological changes of endothelial cells [18–20], and these mon, and Rouiller reported that intraglomerular coagu-
lation induced acute lesions such as swelling and prolifer-changes triggered by ancrod-induced des-AA-fibrin were
related to the avb3 integrin–RGDS interaction [17]. Wei- ation of endothelial and mesangial cells, inflammatory
cell infiltration, etc. [32]. Progressive glomerular sclerosismar and Dolvos reported an endothelial cell disorganiza-
tion similar to our findings, and they concluded that and crescent formation were also related to fibrin deposi-
tion. Our previous reports indicated that fibrin-relatedthis morphological change was a result of nonspecific
attachment of endothelial cells to the overlying hy- antigen deposition was closely related to glomerular scle-
rosis and worsening renal function in both IgA nephrop-drophobic fibrin gel surface, independent of a defined
component of the fibrin molecules [16]. Our results athy patients and partial nephrectomized rats, and both
anticoagulation and fibrinolytic therapy led to better re-showed that both anti-avb3 integrin antibody and RGDS
peptide prevented the previously mentioned morpholog- nal function and less severe glomerular sclerosis, whereas
fibrin-related antigen deposition was reduced [33, 34].ical changes, indicating that these morphological changes
were also closely related to an avb3 integrin–RGDS inter- Because intraglomerular deposition of fibrin and its me-
tabolites is a common finding in early glomerular injury,action. Although the morphological changes in our study
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Fig. 7. Disorganization of the glomerular endothelial cell (GEC) monolayer, which was induced by both des-AA-fibrin and des-AABB-fibrin at
12 hours, was not induced by overlying agarose gel or a glass cover slip, and was not inhibited by heparin, cycloheximide, and actinomycin D. (A)
GECs cultured in RPMI 1640. (B) GECs with overlying agarose gel. (C) GECs with an overlying glass cover slip (the lower right corner was not
covered by glass). (D) GECs with overlying des-AA-fibrin. (E) GECs with overlying des-AABB-fibrin. (F–H) GECs with overlying fibrin containing
10 mg/ml heparin, 100 mg/ml cycloheximide, 10 mm actinomycin D, respectively (3100). Data shown are representative of three independent
experiments.
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Fig. 8. Effects of 23C6 and synthetic RGDS peptide on glomerular endothelial cell (GEC) disorganization induced by overlying fibrin. Although
synthetic RGGS peptide (A) and nonimmune mouse IgG (B) were ineffective at preventing disorganization induced by fibrin, synthetic RGDS
peptide (C) prevented GEC morphological changes completely. Integrin avb3 antibody 23C6 not only prevented GEC disorganization, but also
promoted capillary-like structure invading into the overlying fibrin gels (D; 3100). Data shown are representative of three independent experiments.
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on the angiogenesis in vitro of bovine endothelial cells in collagenit is suggested that fibrin-induced GEC disorganization
gel. In Vitro Cell Dev Biol Anim 31:467–472, 1995
and capillary tube formation might be important mecha- 14. Gamble JR, Matthias LJ, Meyer G, Kaur P, Russ G, Faull R,
nisms for fibrin-mediating renal injury, and because Berndt MC, Vadas MA: Regulation of in vitro capillary tube
formation by anti-integrin antibodies. J Cell Biol 121:931–943, 1993RGDS peptides can prevent the previously mentioned
15. Kadish JL, Butterfield CE, Folkman J: The effect of fibrin onmorphlogical changes, it is also suggested that RGDS cultured vascular endothelial cells. Tissue Cell 11:99–108, 1979
peptides could be used as a potential drug to prevent 16. Weimar B, Dolvos U: The mechanism of fibrin-induced disorgani-
zation of cultured human endothelial cell monolayers. Atheroscle-fibrin-induced renal injury.
rosis 6:139–145, 1986
17. Chang MC, Jeng JH, Cheong TC, Huang TF: The morphologic
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